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56a Sunday, February 3, 2013identified the influence from the types of FG nups and inter-molecular spacing.
FG nups showed a strong dependence of inter-molecular interaction strength on
molecular spacing. However, inter-molecular interaction for one type is weaker
compared to that of another type. While most of the FG nups of the two types
are mainly disordered despite inter- and intra- molecular interactions, we ob-
served noticeable beta-sheet formation at certain inter-molecular spacings, in-
dicating a significant role between inter-molecular interaction and secondary
structure formation.
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Aß Monomers Transiently Sample Oligomer and Fibril-Like Configura-
tions: Ensemble Characterization using a Combined MD/NMR Approach
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Angel E. Garcı´a.
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Amyloid ß (Aß) peptides are a primary component of fibrils and oligomers im-
plicated in the etiology of Alzheimer’s disease. However, the intrinsic flexibil-
ity of these peptides has frustrated efforts to investigate the secondary and
tertiary structure of Aß monomers, whose conformational landscapes directly
contribute to the kinetics and thermodynamics of Aß aggregation. In this
work, de novo replica exchange molecular dynamics (REMD) simulations on
the ms/replica timescale are used to characterize the structural ensembles of
Aß42, Aß40, andM35-oxidized Aß42, three physiologically prevalent isoforms
with substantially different aggregation properties, the latter of which has hith-
erto not been investigated with computational techniques. Further, comparisons
of J coupling data calculated from the REMD trajectories with their corre-
sponding experimental values are used to validate these simulations and mon-
itor equilibration. Our analysis indicates that all simulations converge on the
100 ns/replica timescale toward ensembles that yield good agreement with ex-
perimental J couplings. Here, we describe Aß monomers that are far more
structured than other computational studies that rely on characterizations
made on smaller timescales. Prominent in the C-terminus are antiparallel
ß-hairpin topologies between L17-A21, A30-L36, and V39-A41, reminiscent
of oligomer and fibril models, that expose the composite hydrophobic side
chains to solvent and may serve as hotspots for self-association. A persistent
V24-K28 bend motif is observed in all three species that is stabilized by buried
backbone to side chain hydrogen bonds with D23 and a cross-region salt bridge
between E22 and K28, highlighting the role of the side chain identities of the
FAD-linked E22 and D23 residues in Aß monomer structure. These character-
izations help illustrate the conformational landscapes of Aß monomers at
atomic resolution and provide insight into the early stages of Aß aggregation
pathways.
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The Functional Dependence of the Intrinsically Disordered Domains
of Tau
Peter J. Chung1, Joanna Deek1, H. Eric Feinstein1, M.C. Choi2,
Leslie Wilson1, Stuart Feinstein1, Cyrus R. Safinya1.
1University of California, Santa Barbara, Santa Barbara, CA, USA, 2Korean
Advanced Institute of Science and Technology, Deajon, Korea, Republic of.
Hyperphosphorylated tau is the precursor to neurofibrillary tangles, one of the
hallmark symptoms of Alzheimer’s disease [1]. In its non-diseased state, the
microtubule-associated protein tau promotes the assembly of tubulin into mi-
crotubules and regulates axonal transport. However, dysfunction of tau has
been implicated in a class of diseases known as tauopathies, of which Alz-
heimer’s is the most pervasive [2]. Characterization of tau has proven to be dif-
ficult, due to the presence of intrinsically disordered domains in the N- and
C-termini of tau which precludes protein crystallography [3]. Using solution
small-angle x-ray scattering, we examined tau-induced bundles of microtubules
in cell-free conditions. By this method, we directly measured the inter-
microtubule spacing by tau, the magnitude of the attractive force of tau, and
the domains of the N- and C- termini that are responsible for the bundling of
microtubules.
The six isoforms of tau are the result of alternative splicing and are commonly
described as sequentially having an N-terminal (consisting of a projection do-
main and proline-rich region), microtubule-binding repeats, and a C-terminal.
To examine the functional dependence of the projection domain, proline-
rich region, and C-terminal, distinct tau constructs were expressed with deleted
domains. Using the wild-type isoforms, the inter-microtubule spacing
was found to be modulated by the length of the projection domain. Surpris-
ingly, the use of the deletion constructs showed that neither the projection-
domain or proline-rich region is necessary for bundling, in conflict with
existing models [4].
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Determination of the Rate Constants of Oligomerization of Amyloid-b
Peptides using Fluorescence Quenching of Tetramethylrhodamine
Kanchan Garai, Carl Frieden.
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Soluble oligomers of amyloid-b (Ab) play a central role in the pathology of
Alzheimer’s disease. Here we have determined the rate constants of the
monomer-oligomer process of Ab using a new method based on self-
quenching of tetramethylrhodamine (TMR) which is covalently labeled at
the N-terminal of Ab. During aggregation TMR fluorescence is quenched in a
time dependent manner in three distinct phases, an early oligomerization phase,
a lag phase and a growth phase.Kinetic data of the early phase are consistentwith
a monomer-dimer-trimer process. The rate and the equilibrium constants differ
markedly between Ab1-42 and Ab1-40 showing higher oligomerization propen-
sity for A1-42.The association rate constants (~10
2M1s1) for both the peptides
are slow compared to a diffusion limited
process. The rates of oligomerization are al-
tered dramatically with increase of temper-
ature and are highly sensitive to changes in
pH especially below pH 7.5. Our results
for the first time provide quantitative esti-
mation of the kinetics of monomer-
oligomer process of Ab. Themethodologies
presented here are simple and therefore can
be easily applied to other amyloidogenic
proteins.289-Pos Board B58
Inhibition and Mechanism of Islet Amyloid Polypeptide Toxicity
Diana E. Schlamadinger, Sunil Kumar, Mazin Magzoub, James A. Hebda,
Andrew D. Miranker.
Yale University, New Haven, CT, USA.
A critical aspect of type II diabetes is the dysfunction and death of insulin-
secreting b-cells. A 37-residue peptide hormone, islet amyloid polypeptide
(IAPP), plays a central role in this pathology since it is known that rodent
models transgenic for human IAPP show spontaneous development of b-cell
dysfunction and diabetic symptoms. Recent evidence suggests that a subset
of several alternative a-helical membrane-bound oligomers on-pathway to am-
yloid fiber formation, and not the amyloid fibrils themselves, are the toxic spe-
cies in disease. We recently showed that IAPP adopts cell and membrane
penetrating properties that are likely correlated with its toxicity towards b-cells;
IAPP localizes to lysosomes of rat insulinoma pancreas b-cells (INS-1) at pep-
tide concentrations determined by cell viability assays to be nontoxic, and re-
locates to mitochondria at toxic peptide concentrations (M. Magzoub and A. D.
Miranker, Faseb J., 2011, 26, 1228-1238). Here, we evaluate the ability of
small molecules to agonize and antagonize IAPP toxicity towards INS-1 cells
via large-scale screens of cell viability. Localization of IAPP to subcellular
compartments of INS-1 cells in the presence of these molecules is also inves-
tigated. We further describe the activity modulation and subcellular localiza-
tion of the peptide in the presence of small molecules from libraries at Yale
Small Molecule Discovery Center that have been shown to slow lipid-
catalyzed amyloid fiber formation of IAPP.
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Screening and Design of NewModulators of IAPPMembrane-Binding and
Toxicity
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Andrew D. Miranker.
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Type 2 Diabetes Mellitus (T2DM) is characterized by pancreatic amyloid ag-
gregates composed of islet amyloid polypeptide (IAPP; also called amylin),
a small, intrinsically disordered peptide hormone. Pancreatic b-cell death due
to membrane disruption mediated by non-amyloid or pre-amyloid oligomers
of IAPP is thought to be central to the progression of T2DM. However, the ra-
tional design and screening of small-molecule and peptide ligands targeting
these oligomeric states of IAPP is challenging using current pharmacological
and biophysical methods. We recently used intermolecular single-pair Fo¨rster
resonance energy transfer (spFRET) combined with constrained Monte Carlo
Sunday, February 3, 2013 57asimulations implemented in Rosetta to probe the heterogeneous, dynamic and
transient ensemble of IAPP oligomers and define structural models for a family
of membrane-bound IAPP dimers [Nath, Miranker & Rhoades. (2011) Angew.
Chemie. Intl. Ed. 50(46):10859]. Here we describe efforts, based on this novel
structural insight, to design and identify small molecules and peptides that bind
selectively to particular configurations of IAPP dimers, and thereby bias the
oligomeric ensemble so as to alter membrane-binding and subsequent toxicity
mediated by higher-order states. Small molecules were identified from large
commercial libraries (N > 100000) using a virtual screening protocol incorpo-
rating computational docking and statistical inference, while short, selective
peptides were generated using RosettaDesign. The effects of these compounds
on IAPP membrane-binding, conformation and cytotoxicity were then charac-
terized using fluorescence correlation spectroscopy (FCS), spFRET and cell vi-
ability assays. Active modulators could serve as valuable tools in mechanistic
studies of membrane disruption mediated by IAPP, and might also function as
leads for new therapeutics targeting T2DM. In addition, the strategies devel-
oped here could serve as a framework for efforts targeting other clinically-
relevant amyloidogenic intrinsically disordered proteins such as a-synuclein,
amyloid-b and tau.
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Human islet amyloid polypeptide (hIAPP) is an intrinsically disordered hor-
mone that is co-secreted with insulin in the beta-cells of the pancreas. The ag-
gregation of hIAPP into insoluble amyloid fibrils is believed to play a causal
role in type 2 diabetes. The rodent variant (rIAPP), differing by 6 of 37 amino
acids, does not aggregate into amyloid fibrils and inhibits hIAPP amyloid for-
mation. Both these properties have been attributed to rIAPP’s three proline mu-
tations (A25P, S28P and S29P). Single proline mutants of hIAPP have also
been shown to kinetically inhibit hIAPP fibril formation. Because of their in-
trinsic dihedral angle preferences, prolines are expected to affect monomer con-
formational sampling. However, the specific effect of proline substitutions on
IAPP structure and dynamics has not yet been explored. Detecting such prop-
erties is challenging due to the low molecular weight, fast reconfiguration
times, and very low solubility of IAPP peptides. High resolution, time resolved
techniques are needed.
We use a nanosecond laser spectroscopy technique to measure end-to-end con-
tact formation rates in IAPP mutants. Using this technique, Vaiana et al.
showed that rIAPP populates more extended conformations, characterized by
larger end-to-end distances, compared to hIAPP. Here we study the effects
of proline substitutions in IAPP and characterize them in terms of intrinsic
chain stiffness. We find that the three proline mutations alone do not explain
rIAPP’s increased chain stiffness. Interestingly, early experiments by Green
et al. show that mutating the non-proline residues in rIAPP renders it capable
of forming amyloids. Together these results suggest that rIAPP’s unique chain
stiffness is a determinant for its non-amyloidogenic properties. We discuss the
reasons for this peptide’s unique chain stiffness and the implications of our
findings on the effect of prolines in IDPs.
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Few crystal structures are available for transporters related to the biomedically
important neurotransmitter transporters, such as the serotonin and dopamine
transporters. One of these structures is the bacterial analog LeuT, which trans-
ports Leucine. Until recently the available crystal structures of LeuT provided
information on only two distinct states: an outward open state, where the S1
substrate-binding site is exposed to the extracellular vestibule, and an occluded
state, where the S1 binding site is occluded from both the extracellular and in-
tracellular vestibules. Therefore, there was not enough structural information to
support an understanding of the substrate transport mechanism. Several com-
putational models emerged to describe the inward facing conformation ofLeuT in which the substrate is released. Given the structural information,
some of these models (e.g., the symmetric inward open model - SIO) assumed
rigid body motions in which the molecule would transition between the out-
ward open-occluded-inward open states. We attempt to evaluate the feasibility
of various models of LeuT by generating a transition path between distinct con-
formational states using the Motion Planning (MP) module Pathrover, a method
that can identify a set of low-energy, clash-free structural intermediates be-
tween known end states. Because the sodium-hydantoin transporter Mhp1,
which transitions between the same kind of states, has been crystallized in three
distinct conformations, and intermediates have been calculated from a force-
based approach, dynamic importance sampling (DIMS), it was used here to
test the robustness of the Pathrover approach. For Mhp1 we find a clear overlap
between the Pathrover computed intermediates and the DIMS intermediates,
and conclude that the transition among the Mhp1 states is well represented
by Pathrover. The intermediates calculated for LeuT in this work form the basis
for comprehensive molecular dynamics simulations probing the molecular
mechanism.
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Molecular Modeling and Molecular Dynamics Simulations of Recombi-
nase Rad51
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DNA strand exchange is the central reaction of homologous recombination,
which is catalyzed by Rad51 recombinase in eukaryotes. In the reaction, a fila-
ment comprised of Rad51 and ssDNA searches a homologous DNA strand, and
exchanges those strands. In the presence of ATP, Rad51 can form active
filaments.
The yeast Rad51 dimer structure in the active form of the filament was con-
structed using homology-modeling techniques, and all-atom molecular dynam-
ics (MD) simulations were performed using the modeled structure. We found
two crucial interaction networks involving ATP: one is among the g phosphate
of ATP and Kþ ions; the other is among the adenine ring of ATP.
Multiple MD simulations were performed in which the number of bound Kþ
ions was changed. The simulated structures suggested that Kþ ions are indis-
pensable for the stabilization of the active dimer and resemble the arginine
and lysine fingers of other P-loop containing ATPases and GTPases.
Furthermore, in MD simulations starting from a structure just after ATP hydro-
lysis, the opening motion corresponding to dissociation from DNA was ob-
served. These results support the hypothesis that ATP functions as ‘‘glue’’
between protomers.
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A Structural and Dynamics Survey of HIV-1 Reverse Transcriptase
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HIV-1 reverse transcriptase is a critical drug target for HIV treatment, and
understanding the exact mechanisms of its function and inhibition would
significantly accelerate the development of new anti-HIV drugs. RT is a heter-
odimeric, multifunctional, multidomain protein with a 66 kDa subunit contain-
ing all of the catalytic active sites, and a 51 kDa subunit which is thought
to provide structural stability to the larger subunit. Structural information on re-
verse transcriptase alone has proven to be insufficient to explain the mechanism
of inhibition and drug resistance of non-nucleoside reverse transcriptase
inhibitors. Elastic network modeling provides a technique to rapidly probe
and compare protein dynamics. Combining elastic network modeling with
hierarchical clusters of both structural and dynamic data reveals a wealth of
novel information. Here we present an extensive survey of the dynamics of
reverse transcriptase bound to a variety of ligands with a number of mutations,
revealing a novel mechanism for drug resistance to non-nucleoside reverse
transcriptase inhibitors, where hydrophobic core mutations subtly shift the
position of the thumb subdomain, restoring active-state motion to multiple
functionally significant regions of HIV-1 RT. This model arises out of a combi-
nation of structural and dynamic information, rather than exclusively from one
or the other.
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The DNA-binding protein menin is known to play important roles in a num-
ber of cancers and may have a role in type-II diabetes (T2D). In particular,
